III: finally, berries was collected from the five provinces (Ca Mau, Bac Lieu, Soc Trang, Ben Tre, and Tra Vinh).
The berries were brought fresh to the Laboratory of Food Microbiology at the Biotechnology Research and Development Institute, Can Tho University and were processed immediately.
The microbiological medium used was YPD broth (g/l, D-glucose 20, peptone 5, yeast extract 5) with 20 g/l of agar added to make a YPD agar medium.
Research method

Isolation of yeast strains:
Five grams of each Cayratia trifolia sample was added to 100 ml of YPD broth and incubated at 30 0 C, 150 rpm for 24-48 hours. Yeast colonies were selected, streaked on YPD agar, and incubated at 30 0 C. Purified yeast cultures were stored in YPD agar slants at 4 0 C.
Examination of morphological, physiological, and biochemical characteristics:
Morphological characteristics: the shapes and dimension of colonies and cells were observed under a microscope and recorded.
Glucose, sucrose and maltose fermentation ability: after 24 hours' incubation, yeast suspensions were inoculated into Durham tubes containing a 2% (w/v) sucrose or maltose solution and incubated at 30 0 C. The accumulated CO 2 in the inner Durham tubes was measured after 48 hours.
Urea anabolism: yeast isolates were inoculated into tubes containing 3 ml of Stuart's Urea broth and the change in the color of the medium was recorded after incubating at 30 0 C for 48 hours.
Gelatin liquefaction: yeast isolates were inoculated into tubes containing 3 ml of gelatin medium and then incubated at 30 0 C for 48 hours. The tubes were immediately cooled and the gelatin liquefaction recorded.
Testing the thermo-and ethanol-tolerant capacity of yeast isolates:
Thermo-tolerance: yeast isolates were streaked onto YPD agar and then incubated at 30, 35, 37, 39, 41, 43, 45 and 47 o C for 48 hours. The formations of the colonies that appeared on the medium were recorded.
Ethanol tolerance: yeast isolates were streaked onto YPD agar supplemented with 0, 3, 6, 9, 12 and 15% (v/v) of ethanol and then incubated at 37 o C for 48 hours. The formations of the colonies that appeared on the medium were recorded.
Screening for the ethanol fermentation capacity of yeast isolates:
This test was carried in Durham tubes containing a 2% (w/v) glucose solution and three-leaf cayratia juice (pH 4 and 22 0 Brix) incubated at 30 0 C. The accumulated CO 2 in the inner Durham tubes was measured at 6-hour intervals for 48 hours.
Testing ethanol fermentation from three-leaf cayratia juice:
The selected yeast isolates were inoculated into YPD broth and incubated for 48 hours. Then, 1 ml of yeast cell suspension (10 8 cells/ml) was inoculated into 99 ml of three-leaf cayratia juice (pH=4 and 22 0 Brix) and incubated at 37 0 C. The pH, 0 Brix and ethanol concentration were determined.
Identification of selected yeast isolates:
The DNA of selected yeast isolates was extracted and used for nucleotide sequencing. The divergent D1/D2 (500 bp) domain of the LSU rRNA gene was amplified with the specific primers NL-1 (5'-GCATATCAATAAGCGGAGGAAAAG) and NL-4 (5'-GGTCCGTGTTTCAAGACGG) [8] . Nucleotide sequences were aligned and compared with the database on the National Center for Biotechnology Information website. The identification was conducted at the Department of Biological Chemistry, Faculty of Agriculture, Yamaguchi University, Japan.
Analytical method and statistical analysis:
The pH was measured with a digital pH meter (Sartorius PB-20). The total dissolved solids of the saccharified liquid ( 0 Brix) was measured using a manual refractometer (FG102/112, Euromex-Holland). The alcohol content was determined using the distillation method [9] . The experimental data were statistically analyzed using Statgraphics Centurion XV software from Manugistics Inc., USA.
Results and discussion
Morphological, physiological, and biochemical characteristics of yeast isolates
One hundred and fifty-one yeast strains were isolated and purified from 53 C. trifolia berry samples. The yeast strains were cultured on YPD agar medium for 36 hours at 30 0 C and were investigated for their colony and cell morphology. Based on cell morphology and physiological and biochemical characteristics, the 151 yeast isolates were divided into 7 groups (Table 1) .
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Colony morphology of yeast isolates: the colonies of yeast isolates measured 1-4 mm in diameter and 0.1 mm in height. Some colonies had smooth surfaces while others had rough surfaces. The margins of colonies were also diverse and included entire, undulate, serrated, filiform and lobate. The colonies of yeast were creamy white or white in color.
Cell morphology of yeast isolates: cell shape of yeast isolates were diverse but can be categorized into 4 main forms: spherical, ovoid, elliptical and cylindrical. There were also differences in the dimensions of yeast isolates but generally cell length was approximately 3-11 µm and cell width was approximately 2-5 µm.
Budding and endospore formation: yeast isolates in group 1, 2, 3, 4, 5 and 6 grew by multilateral budding, while isolates in group 7 grew by bipolar budding. All the yeast isolates had the ability to sporulate when nutritionally deficient except those in group 7. Although the endospore dimensions of yeast isolates were not homogeneous, each cell had four ascospores. Yeast tends to form four ascospores after meiosis in their sexual reproduction [10] .
Glucose, sucrose and maltose fermentation ability: of 151 yeast isolates, 138 were capable of using glucose and 101 of using sucrose as a carbon source for fermentation after 24 hours. Most strains in groups 1, 2, 4, 5 and 6 were capable of fermenting sucrose while none of the strains in group 3 could ferment this sugar. Of 151 yeast isolates, 104 were able to ferment maltose. The sugar fermentation capacity of the yeast strains was assessed by measuring the among of CO 2 generated during fermentation [11] . Thus, testing the ability to consume sugar was one of criteria for classification the yeast and was also used to select appropriate yeast strains for fermenting different substrates.
Urea assimilation: of 151 yeast isolates, 26 were able to use urea as a source of nitrogen. None of the yeast isolates in groups 1 and 2 were capable of urea resolution. Yeasts belonging to Ascogenous species were able to resolve urea, while those of the Basidiomycetous species had this capability [12] .
Gelatin liquefaction: of the 151 yeast isolates, 32 had the capacity to liquify gelatin using gelatinase. This capacity of yeasts was also often associated with protease activity, but only some yeast species were capable of producing protease [11] . Ethanol tolerant ability: when the ethanol concentration in the culture medium was increased, the number of yeast colonies that developed in the medium gradually decreased. This can be explained for causing affect to the yeast growth. Of the 141 isolates, 27 could tolerate an ethanol concentration of up to 12% (v/v), and 64 could tolerate a 9% (v/v) ethanol concentration after 48 hours of incubation.
The ethanol-and thermo-tolerant capacities of the yeast isolates
Screening of ethanol fermentation ability of yeast isolates
The results reveal that 57 out of 64 yeast isolates were able to ferment tubes containing 2% (w/v) glucose solution and three-leaf cayratia juice after 48 hours. 
Ethanol fermentation by selected yeast isolates at high temperatures
The ethanol fermentation ability of 30 out of the 57 selected yeast isolates is presented in Table 2 . These isolated yeast strains showed the best fermentation activity and an ethanol content of at least 6.0% (v/v). The highest ethanol concentration was produced by strain HG1.3, which reached at 9.9% (v/v). Isolates HG1.3, CM3.2 and AG2.1 produced the highest ethanol concentration in each group at 9.9, 8.95 and 8.0% (v/v), respectively. The obtained ethanol concentrations of these novel thermotolerant yeasts were better than many thermotolerant yeasts isolated from drainage samples containing hot spring water. Isolates collected from hot spring water could generate maximum ethanol concentrations of approximately 7.0-7.2% (w/v) at 30 0 C with a nutritional substrate containing 15% (w/v) glucose [13] .
At 37 0 C, there was a clear difference in ethanol concentration produced by 39 tested yeast isolates. The growth of yeast cells also went up when the temperature was increased to a level within the tolerance threshold of the yeast, but the amount of ethanol produced was reduced. Enzymes which control microbial activity and fermentation are sensitive to high temperatures which can denature their tertiary structure and deactivate them [14] . The five yeast isolates BT3.3, BT2.1, HG2.1, HG3.3, VL1.1 and TG4.2 showed lower fermentation ability, whereby ethanol concentrations reached only around 6.0% (v/v). Generally, wine fermentation of C. trifolia berries using thermotolerant yeast showed the same trend, whereby ethanol concentrations decreased when temperatures were increased. In this study, ethanol concentration were lower than that produced in the optimal temperature. At high temperatures, the accumulation of intracellular ethanol in yeast cells was increased, which stalled yeast growth. As a result, the fermentation ability of the yeast was affected and lower ethanol concentrations were generated [15] .
Identification of selected yeast isolates
The results of aligning the 26S rDNA sequences of 30 selected yeast strains with the GenBank database (NCBI) along with an analysis of their morphology, physiology, and biochemistry indicated that all strains belonged to one of the four genera Saccharomyces, Candida, Clavispora and Pichia. The results of identification of 30 selected yeast isolates are presented in Table 3 . S. cerevisiae was popularly ultilized for alcoholic fermenting in industrial manufacturing. S. cerevisiae was able to yield an ethanol concentration of between 7.4 and 7.7% (w/v) fermenting molasses at room temperature. This species is also likely to grow at high temperatures ranging from 40 to 44 0 C [16, 17] . Thus, it was decided to use the thermotolerant yeast S. cerevisiae HG1.3 to make wine from the fresh berries of C. trifolia.
The genetic relation of selected thermotolerant yeasts was determined by constructing a phylogenetic tree based on the 26S rDNA gene using MEGA 6 software (Neighbor-Joining). The phylogenetic tree for 30 selected yeast strains is shown in Fig. 1 . 
Conclusions
The diversity of yeast isolates purified from C. trifolia berry samples was examined, and a number of ethanoland thermo-tolerant ethanologenic yeasts were found. The feasibility of fermentation products from C. trifolia by the selected yeast isolates at high temperature was confirmed. This study indicated the promising applications of such isolates for the controlled C. trifolia wine fermentation at high temperature.
